To overcome the contradiction of the traditional grey first order accumulate with the new information priority principle, this paper establish the new grey fractional order accumulate, which is proposed to better reflect the priority of the new information. Based on this, This paper establish the fractional order grey direct model based on the principle of new information priority, which is proposed to improve the prediction precision. The results of practical numerical examples demonstrate that this new method has a good predication performance for small data set forecasting. This research also provides a new model for the less data forecasting.
Introduction
Time series prediction refers to the process by which the future values of a system is forecasted based on the information obtained from the past and current data points [1] . GM (1, 1) was first proposed by Deng [2] [3] , which is one of the most important parts in grey system theory, for small sample forecasting. Because the grey prediction model needs little origin data, has simple calculate process and higher forecasting accuracy, it has been successfully applied in many disciplines [4] [5] [6] [7] .
The purpose of GM (1, 1) model is to work on system forecasting with poor, incomplete or uncertain messages. However, the existing GM (1,1) model cannot be used for accurate prediction for many actual systems, while the system behaviors are affected more or less by other relative factors and their characteristic values never follow the Grey exponential law completely [8] . So, A large number of studies on improved Grey model and applications have been reported, such as Li et al. [9] , Xie and Liu [10] , Yang et al. [11] . Those improved Grey models all integrated traditional GM (1,1) model and other modeling technology, but not including the research on accumulated generating operator of Grey model. Although grey forecasting model had been widely adopted, its predicting performance still could to be improved [9] [10] [11] [12] [13] [14] [15] . However, most of improved methods do not emphasize the value of new data, which has been put forwarded in the grey system by Deng, and named the new information priority principle. Dang and Luo improved GM (1,1) using the nth item of X(0)(n) as the starting condition of the Grey differential model to increase prediction precision [12] [13] [14] [15] . Because of the new data represents the future law of development of small sample system [2] , we should considered more priority of the nth data than the n-1th data in the model. Similarly, the 2th data is more prior than the 1th data.
Recently, fractional order [16, 17] has been applied on the grey generating function, which uses fractional order accumulative generation to narrow the variation of the sequential data and then establish the prediction model. Wu [16] established the grey system model based fractional order accumulative generation by applying the fractional order to grey model. In fact, GM (1,1) model only can simulate homogeneous index sequence, it will has large error when the original data is non-homogenous exponential sequence. So, the grey direct grey model has been formulated to nonhomogenous exponential sequence [18, 19] . This paper studies the grey direct grey model based on the technology of fractional order accumulation generation and the principle of priority of new information theory, we establish the optimized model and solve the optimization accumulation order value, then give it in practical application.
The rest of the paper proceeds as follows, the next section presents an overview of the relevant literature on grey model. The third section provides a new fractional order grey direct model with the principle of new information priority of grey system. The fourth section proves the advantage of the grey model put forward in this paper over the traditional grey model by one real case in China. Finally, the paper concludes with some comments in last Section.
Suppose that the non-negative sequence of raw data is X(0)=(x(0)(1), x(0)(2),…, x(0)(n)), and its sequence of the firstorder accumulative generation operator on X(0) is denoted as following,
In formula (1),
From the sequence X(1)=( x(1)(1), x(1)(2),…, x(1)(n)), we can derive the sequence of generated mean value of consecutive neighbors in the following,Z(1)=( z(1)(2),…, z(1)(n)); where z(1)(k)=0.5 x(1)(k)+0.5x(1)(k-1),k=2,…,n.
Definition 1 For a non-negative sequence of raw data X(0); X(1)is a generated sequence with the application of the first-order accumulative generation operator on X(0); Z(1)is a sequence with the application of the generated mean value of consecutive neighbors operator on X(1), then the following equation
is a grey differential equation, also called model GM (1, 1) . And the equation
One can use formula (2) to make a least square estimation for parametersˆ[ , ] T a a b ,
After obtaining parameters a and b , use formula (5) to define time response formula and use formula (6) to define reducing value sequence.
(1) (0)
Finally, one should make error test. The residual sum of squares is shown as formula (7).
Professor Deng points out that the whitened equation and its corresponding time response function cannot be derived from the GM(1,1) directly, which are some approximate replacement. [18] [19] [20] Definition 2 Assume that a non-negative sequence X(0)=(x(0)(1), x(0)(2),…, x(0)(n)) is given, then
Grey direct model
is referred to as the original form of the auto-regressive GM(1,1) model (ARGM(1,1)),or grey direct model. Theorem 1 Assumed that X (0) is defined by the Definition 2 
Literature [18] pointed out that if the original data is monotonous movements bump geometry, then the application of the formula (8) as shown in the simulation data obtained with the same sequence of model geometry; moreover formula (8) model can fully simulate inhomogeneous index sequence.
Because grey auto-regressive method of GM(1,1) is formulated by using the original data rather than the accumulated generation data, it does not need to inverse accumulated generating. We can see that formula (6) is an exponential model, formula (9) is a non-homogenous exponential model.
Fractional order grey direct model with the new information priority 3.1 Fractional order accumulate with the new information priority
Fractional contains an "in between" thinking, more and more scholars recognized [16, 22] , The recent studies have shown that we can enhance the accuracy of gray forecast modeling by select the appropriate fractional order [16] .
Definition 3 [16] . Assume that r=q/p and
which is a nonnegative sequence, are given, then
is called the r order accumulated, and define
is non-negative sequence, application of gray system accumulate, we can get the r order accumulated generating sequence
Since X (0) is time series data, the acquired time from x (0) (1) to x (0) (n) is decreasing by the view of time, that is to say, x (0) (1)is the earliest data and x (0) (n) is the latest data, so, x (0) (1) may be referred to as the oldest information and x (0) (n) for the newest message. From the above r order accumulated generating function, we can see that every accumulate contains the oldest data x (0) (1), that is, we have used the oldest data n times, and as the latest information x (0) (n), is only used once in the x (r) (n) calculation, which is obviously contradicts with the principle of new information priority in grey system theory. In fact, x (0) (n), as the latest information, is the latest incarnation of the historical, and can be better reflect the internal development and trends of the system. The principle of new information priority is the key point of view about information applied in grey systems theory. That is, by applying additional weights on newer information, one can achieve a better effect from grey prediction. Therefore, the latest information should be paying more consideration when we establish the model and get model parameters. Based on this, we will provide a new cumulative method which can reflect the new information's effect in the following.
Definition 4
For r=q/p and non-negative sequence X(0)=(x(0)(1), x(0)(2),…, x(0)(n)) then, the r order cumulative X(r)=(x(r)(1), x(r)(2),…, x(r)(n))is called the fractional accumulated generating with the new information priority where
Fractional derivatives accumulate the whole history of the system in weighted form. The larger r of x(r)(k) is, the larger the weight of old data is; the smaller r of x(r)(k) is, the smaller the weight of old data is. Reducing r can reduce the weights of old data, which can put more emphasis on the newer data.
But from the definition 4, for any k, we can see that all new data have been contained in the x (r) (k), and the more new data, the more weight has been putted because of 1 n j n j r C is accessioned with j's increases. So, the text of the accumulated sequence obtained this way is called the accumulation of new information accumulated priority sequence.
Fractional order grey direct model with the new information priority
Definition 5 Assume that a non-negative sequence X (0) =(x (0) (1), x (0) (2),…, x (0) (n)) is given, then (11) and formula (8) is the same in the form, in fact, they are different to each other, the difference lies in the way of data generated essentially. The innate character difference makes the new grey model can not only reflect the new information priority principle of gray system, but also has better accuracy than old, and the advantages of the new model will present in the example.In addition, if r =1, the new model reduces to the literature [20] given model, that is the model of formula (11) shown in more general.
Theorem 3
Assumed that X (0) and ( ) (0) ( ) r x k are defined by the Definition 5
n n n j n i n j r n i r j i n n n j n i n j r n i r j i n n n j n i n j r n i r j n i n
Then the lease squares estimation values are
Among that 0 1 ( , ) T E E E is the parameters lists of the formula ( 11) . Theorem 4 Assume that a non-negative sequence X (0) =(x (0) (1), x (0) (2),…, x (0) (n)) is given. Actually, Let error is u ;then
Via the treatment of new information priority, the mean of the error is ( ) E Au : ( 1) ( 1) 1 1 1 0 0 0 0 0 0 n n nn n n n r n r n n r n n r n n n n n n r n n r n n r n n n n n n r n n r n n n n r 
Proof: Let
Then via the treatment of new information priority, formula (13) becomes
( 2) 2 ( ) 1 1 1 n n n n n n r n r n r n n n C C C E Au u u u u n n n Because of
Obviously, the above optimization model (14) is a nonlinear optimization model; we will use the modern intelligent algorithms, such as genetic algorithms, simulated annealing algorithm, PSO et.al, to solve this model. So, in the next computational analysis, we will use the PSO algorithm to get the accumulated order r.
PSO(Particle Swarm ,PSO) is a kind bionic optimization algorithm, and the method comes from the simulation of motor behaviour of birds and fish [21] .Assumed the objective is a n dimensional function, the size of particle population is m the i-th particle's "best" value is best i p , and global "best" value is best g p then the i-th particle modified its velocity and position according to the following formulas Step5: if the stop condition (the iteration number or the error precision satisfy the request) is satisfied, the iteration stop and output the best g p ,that is the optimization r; otherwise turn to step 2.
Example:the simulation of natural gas consumption in china
Energy has an influencing role in achieving economic and social progress. Forecasting energy Constitutes a vital part of energy policy of a country, especially for a developing country like China whose economy is in a stage of energy transition: from low efficiency solid fuels to oil, gas and electric power. A large number of studies on energy consumption forecasting using grey model and improved grey model have been reported, such as Wu et al [20] , Xu et al [23] , Li et al [24] . In this section, the advantage of the fractional order grey direct model based on the new information priority over the other grey models is demonstrated by natural gas consumption in china. Average relative percentage error (ARPE) compares the real and forecasted values to evaluate the precision.
We consider an example from paper [23] which provides the sample data. Using the data from 1995 to 2006 (insample data) to construct fractional order grey direct model based on the new information priority:
x GCMM matecconf/201 37 then predict the actual value from 2007 to 2008. Actual values and the forecasting values of three compared models are presented in Table 1 . As can be seen from Table 1 , fractional order grey direct model based on the new information priority yielded the lowest ARPE compared with the other models across all the period from 1995-2008, which also illustrate that the new model is more suitable for natural gas consumption. 
Conclusion
Based on principle of priority of new information in the grey system theory, this paper establish a new information accumulates method by use of Fractional accumulate ideas; based on this, a new fractional order direct gray model with information priority has been presented, and given the model parameters with least squares estimation; and analyzed the simulation error of the new model. The results show that fractional order gray direct model with the new information priority can reduce simulation error; the application example also show that the new model has better prediction accuracy and prediction accuracy of analog data. Although the proposed model overcomes the defects of parameters estimation in traditional direct grey model, they may be superior to other modeling methods in some aspects. There are some potential drawbacks such as the selection of tradeoff parameter related to a least squares cost function. The performance of this model is more related to the selection of trade-off parameter. Thus, how to quickly and accurately select the model trade-off parameter should be further studied. Further, by calculating, we have found that the prediction error maybe worse when we use the accumulated order, which can be obtained by the minimize averaging the error between the raw data and simulation data. Therefore, in order to get the optimization cumulative order, what evaluation criteria as objective function is suitable is also an important issue for future research process.
